I. Pigments extracted from reaction center particles of Rhodopseudomonas spheroides were separated and identified by means of thin-layer chromatography.
INTRODUCTION
During the past few years a number of papers have been published, dealing with the isolation of photochemically active reaction center particles from photosynthetic bacteria (e.g. refs 1-6). In these particles the light-harvesting bacteriochlorophyll and most of the other accessory pigments such as carotenoids, have been removed. The particles still contain specialized bactefiochlorophylls, P8oo and P87 o (ref. 7) , of which the latter is reversibly photooxidizable ~. A pigment absorbing at about 756 nm, which was assumed to be bacteriophosphytin ~,~, and ubiquinone4,6, 9 are also present in the preparations.
It has recently been concluded that K3Fe(CN)¢treated chromatophores from Rhodospirillum rubrum and K~IrCle-treated chromatophores from R. rubrum and Rhodopseudomonas slbheroides, in which the light-harvesting bacteriochlorophyll had been destroyed, contained bacteriochlorophyll a as the only type of bacteriochlorophyll pigment 1°. In that study extracts of the particles were analyzed by means of thin-layer chromatography and spectra were recorded of the isolated pigments. However, the visible spectrum of reaction center bacteriochlorophyll showed, in addition to the characteristic absorption maxima of bacteriochlorophyll a, prominent peaks at 433 and 675 nm. It was assumed that the isolated reaction center bacteriochlorophyll was still contaminated with one or more degradation products from the bulk bacteriochlorophyll, present in the rather impure particles. The present chromatographic investigations were carried out with purified reaction centers of Rps.
* Although the absorption peaks near 8o0 and 865 nm axe commonly called P8oo and P87o, they possibly are more properly described as the joint property of a set of closely interacting molecules in the reaction center, and not as the separate manifestations of independent molecules (see ref. 8) .
spheroides in order to elucidate this problem and in order to identify other pigments which are present in these preparations.
The results strongly suggest that the pigments of both P8oo and P87o are identical with bacteriochlorophyll a. Further, it was found that the ubiquinone present in the reaction center particles is ubiquinone-io. Bacteriopheophytin a and spheroidene were also isolated with the help of thin-layer chromatography.
MATERIALS AND METHODS
Reaction center particles were prepared from chromatophores of Rps. spheroides as previously described by one of us 6. Briefly, chromatophores were incubated with 0.3 % sodium dodecyl sulphate and layered on a 0.5 M sucrose solution. After centrifugation at 200 ooo × g, the reaction center particles were isolated from the supernatant layer. They were further purified by treatment with Triton X-Ioo and urea at pH IO, followed by a sucrose gradient (o.I-I M) centrifugation at 20o ooo x g. The reaction center particles obtained in this way were called AUT-RC particles.
The solvents used for extraction and chromatography were of analytical grade (Merck and BDH). Ubiquinone-6 and ubiquinone-Io were purchased from Sigma.
Methanol extracts for chromatography were made from freeze-dried particles which were kept in the dark. The extracts were prepared just before chromatography.
The adsorbent used for thin-layer chromatography was Kieselgel G, obtained from Merck.
Thin-layer plates were developed in the dark. The spotting of the samples and elution of the spots from the scraped off adsorbent layer was carried out in dim light.
Spectra were recorded with a Cary Model 14 R spectrophotometer equiped with a scattered light transmission assembly.
RESULTS AND DISCUSSION
The absorption spectrum of an AUT-RC preparation from Rps. spheroides is shown in Fig. IA of ref. 6 . The spectrum shows a low absorption around 685 nm, proving that the reaction center particles contain only small amounts of degradation products from the bulk bacteriochlorophyll, as compared to the preparations used before 10.
A good separation of the pigments from AUT-RC particles was obtained with thin-layer chromatography in which a mixture of light petroleum, acetone and n-propanol (see the text of Fig. I ) was used as the mobile phase. This solvent mixture is a variation of a solvent system given by Lynn Co and Schanderl n for the separation of plant pigments. Fig. I shows the result of a separation. A bright blue spot is indicated with R. In a separate experiment, extracts of both AUT-RC particles and whole cells of Rps. spheroides were chromatographed on the same plate. In this way it was established that the RF value of spot R was the same as that of bacteriochlorophyll a.
It must be noted here that in the experiments with KsFe(CN)e-and K2IrC1 etreated chromatophores mentioned above 1°, three different combinations of mobile and stationary phases were used. Also in these cases the RE value of the blue spot was the same as that of bacteriochlorophyll a.
The absorption spectrum of the isolated blue pigment is given in Fig. 2 and peak maxima and relative intensities are listed in Table I , together with peak characteristics of bacteriochlorophyll a. The most plausible interpretation of our data is that the blue spot on the thin-layer chromatogram was bacteriochlorophyll a, and that this compound is responsible for the peaks near 80o and 865 nm in the reaction center preparations.
The spectrum of Fig. 2 does not show additional absorption peaks at 675 and 433 nm. This proves that the peaks at these wavelenghts found in earlier experiments 1° in fact originated from degradation products of the bulk bacteriochlorophyll, present in the crude starting material.
A quantitative analysis of reaction center bacteriochlorophyll could not be made since the yield of recovery of bacteriochlolophyll from cells, chromatophores and reaction centers was low and rather variable (about 30 %).
A small blue spot on the chromatogram, shown in Fig. I Values from the literature for both bacteriochlorophyll a and bacteriopheophytin a are given for comparison. Maxima of bacteriochlorophyll a and bacteriopheophytin a (literature) measured in ether, are also given (BChl, bacteriochlorophyll a; BPh, bacteriopheophytin a).
Pigment ~rnax (nm) and relative intensities (in parentheses)
Reaction center bacteriochlorophyll from AUT-RC particles 359 (99) 392 (67) 57 ° (25) BChl (ref. 19) 358 (97) 390 (58) (48 ) 616 (4) 680 (14) 75 ° (61) found after chromatography of extracts from whole cells and crude reaction centers 1°.
Only small amounts of this pigment were observed. This seems to exclude the possibility that it has an important role in photosynthesis. It is conceivable that the compound is a degradation product of bacteriochlorophyll a. The green pigment g in Fig. I may also be such a degradation product. According to Clayton and co-workers s purified reaction centers of Rps. spheroides contain fixed amounts of bacteriopheophytin. The absorption band at 756 nm in our AUT-RC particles also indicates the presence of bacteriopheophytin. This was confirmed with thin-layer chromatography. A purple spot was observed on the chromatogram of Fig. I , which is marked BPh. The spectrum of the pigment is given in Fig. 3 and peak characteristics are listed in Table I , together with values for bacteriopheophytin a from the literature. From these data it is evident that the isolated compound is bacteriopheophytin a. Whether this pigment is involved in primary reactions of bacterial photosynthesis remains open to speculation.
It is well known that reaction center particles from purple bacteria contain ubiquinone4,6, 9. In AUT-RC particles from Rps. spheroides 6 and in KsFe(CN)6-treated chromatophores from R. rubrum 4 the molecular ratio of ubiquinone and P87o was found to be approximately r:i. Measurements of EPR spectra n and of the difference spectrum and kinetics of light-induced ultraviolet absorbance changes is in reaction centers of Rps. spheroides indicate that ubiquinone acts as the primary electron acceptor in a one electron reaction. Therefore, it is important to characterize it completely. In this connection it is interesting to note that the ubiquinone present in KsFe(CN)6-treated chromatophores from R. rubrum was found to be ubiquinone-Io (ref. 14) .
The position of ubiquinones on the chromatogram of Fig. I is just below the upper yellow spot. They can be detected if the chromatogram is sprayed with Rhodamine B in ethanol and examined in ultraviolet light. Using the procedure outlined before 14 we found that the ubiquinone isolated from a thin-layer plate, The spots indicated with y, o and r presumably come from carotenoids. So far, carotenoids have not been removed completely from the AUT-RC particles. It is not clear, whether these pigments play an important role at all, since they are lacking in reaction centers prepared by Reed and Clayton 5 and, since blue green mutants show normal photosynthetic growth with no carotenoids.
Carotenoids were extracted and purified according to a procedure which is generally used for the extraction of ubiquinone (ref. 17 , except that no ferricyanide was added). The isolated material was thereafter spotted on a thin layer plate which was developed with a mixture of chloroform and benzene (i:i, v/v). The pigment from the biggest spot (RF value 0.57) showed absorption maxima at 428, 454 and 484 nm and a shoulder at 4o4 nm. These spectral characteristics are indicative of spheroidene (Pigment Y of ref. 18 ).
